Background: Primary angiitis of the central nervous system (PACNS), a serious disease, has not featured prominently in the spectrum of multi-organ disease seen in vasculitis clinics. Aim: To evaluate the presentation, natural history and features of PACNS variants and compare to those of systemic vasculitides. Design: Retrospective analysis. Methods: Patients (n ¼ 105) presented during 1988-2003 to a tertiary regional vasculitis clinic receiving unselected disease types. Data were collected from a clinical database, patient and laboratory records. Results: The frequency of PACNS presentation rose over the study period, compared with most of the other vasculitides. When PACNS was divided into small-and middle-sized vessel disease (SVD/MVD), their clinical courses differed substantially. SVD PACNS was responsive to immunosuppressive drugs, but relapsed during prolonged periods in all patients on maintenance immunosuppressives, or after withdrawal of treatment, causing recurrent, severe and irreversible CNS injury. MVD PACNS
had isolated episodes at presentation, with a paucity of relapses during prolonged follow-up. Discussion: Similarities between SVD PACNS and microscopic polyarteritis suggest the former may represent a limited form of the latter. MVD PACNS has a distinctly more benign relapse pattern than its multisystem counterpart polyarteritis nodosa. Acute-phase serology was useful in designating inflammatory processes at presentation of patients presenting with encephalopathy caused by SVD only, but were unhelpful in defining relapses in this form of PACNS, the definition of which in all cases rested on clinical assessment and MR scanning. Direct cerebral angiography was not diagnostic in any case of SVD PACNS; positive brain biopsy is diagnostically unequivocal, but the total clinical syndrome with imaging may establish a diagnosis with highest probability. In MVD PACNS, angiography with MR scan proved diagnostic. We suggest an algorithm for a rational, minimally invasive approach to investigation. In PACNS, SVD and MVD are important variants, and decisions about therapy should incorporate these distinctions.
Introduction
Primary angiitis of the central nervous system (PACNS) is a serious disease, potentially causing 3-5% of cerebrovascular accidents in patients aged 550 years, 1 but the syndrome has not featured prominently in the spectrum of unselected, multiorgan disease seen in vasculitis clinics. 2 Between 1959 and 1986, only 46 cases of PACNS had been described in the literature, most of these diagnosed at post-mortem. 3 In 1991, Crane and Kerr illustrated 11 cases from the preceding decade, 4 and more recently a six-patient series had magnetic resonance (MR) and angiographic findings delineated. 5 Clinical experience suggests more patients suffering PACNS are now being recognized, but there are no data to evaluate whether this represents a true increase in incidence, or if it reflects insight and acumen in previously undiagnosed cases.
PACNS was not commonly recognized when the American College of Rheumatology (ACR) 6 and Chapel Hill Consensus Conference (CHCC) 7 criteria for the classification of primary systemic vasculitides were drawn up. Calabrese and Mallek suggested definitive criteria for the diagnosis of isolated angiitis of the central nervous system: 3, 8 (i) an acquired neurological deficit that remained unexplained after complete evaluation; (ii) a diagnostic cerebral angiogram that included diffuse areas of symmetric narrowing of vessels with areas of dilation and/or beaded vessel appearance, displacement of vessels or vessel occluded; (iii) no evidence of systemic vasculitis or any other condition that could mimic the angiogram findings.
This definition of PACNS excludes CNS disease where other vasculitic syndromes are partially or wholly identifiable and which encompass earlier descriptions that conferred heterogeneity in CNS disease by vessel size, or histologically, by presence or absence of granuloma. 6, 7 Diffuse cerebritis in small-vessel PACNS often manifests as subacute or acute encephalopathy, with persistent unexplained headache, altered higher mental function, confusion, and deteriorating conscious level, progressing to grand mal convulsions resistant to therapy, whereas middle-sized-vessel PACNS is more likely to present as a cerebrovascular accident in one or more defined or limited areas in patients without risk factors for arteriosclerotic disease. Central nervous system vasculitis is protean in its presentation, but enters the differential diagnosis of a patient when the pattern of disease is atypical, or when there are ischaemic infarcts, (occasionally haemorrhage 8 ) temporally related, in separate and distinct vessel territories. Unifocal or absent MR findings do not exclude occult or more extensive CNS, multiple-vessel territory vasculitis 9 which may be definable only on direct angiography of the CNS, in certain cases.
No therapeutic regimen for PACNS has been the subject of a controlled trial to assess comparative efficacies of drugs 10 (corticosteroids, alone or in combination with cytotoxics) vs. risks of treatment, nor is this a likely prospect. A priori, the use of corticosteroids (with or without cytotoxic agents) to suppress disease activity in other organs, notably kidney and lung, 11 and to sustain remission in the more common systemic vasculitides involving similar vessel types outside of the central nervous system (microscopic polyarteritis, polyarteritis nodosa, Wegener's granulomatosis) with similar vessel types within the CNS, seems a prudent initial approach to treatment. Recent descriptions of CNS vasculitis support the use of cytotoxics in addition to corticosteroids, but fall short of precisely how regimens should be managed in the longer term. 12 Knowledge of the natural history of PACNS in long-term follow-up is critical in deciding optimal treatment regimens for patients. We therefore analysed data for patients presenting over a 15-year period to a tertiary regional vasculitis clinic, to identify patterns, organ injuries, natural history and features of PACNS compared to the systemic vasculitides.
Methods
The records of all patients attending the regional vasculitis clinic at Manchester Royal Infirmary between 1988 and 2003 were reviewed; 105 were included in the study. The final diagnoses identified were: polyarteritis nodosa (PAN); cutaneous vasculitis (variant, limited polyarteritis nodosa, or leucocytoclastic vasculitis) (CV); PACNS; Churg-Strauss syndrome (CSS); Wegener's granulomatosis (WG); microscopic polyarteritis (MPA); adult Henoch Schö nlein purpura (HSP); and SLE vasculitis.
For inclusion in these groups, the patients had to meet the criteria set out by the ACR for PAN, CSS, WG, and SLE vasculitis; for HSP, an additional requirement of demonstration of typical glomerular mesangial deposition of immunoglobulin A was imposed. CHCC criteria were used for MPA and leukocytoclastic cutaneous vasculitis. For PACNS, Calabrese and Mallek's criteria were primary, using brain biopsy only when clinical and radiographic evidence was equivocal. The information abstracted is summarized in Table 1 .
Data were entered into an Excel spreadsheet and analysed using the Stats Direct package. Analyses used the Poisson regression model to calculate the relative risks (e.g. the change in the rate of incidence) for each disorder with respect to self. 2 for linear trend was used to evaluate the absolute rate of change for referral source over time in relation to the total study population. Fisher's exact test was used to analyse neurological involvement over time.
Results
We included 105 patients in the study. The primary diagnoses are shown in Table 2 . Overall, the genders were balanced (M:F 1:0.98), but subgroups had apparent gender bias. The mean age was 46.2 years, the median 46.5 years.
PACNS vs. other vasculitides
Presentation frequencies were assessed by year of diagnosis. Overall, there was an increase in the relative rate of presentation of systemic vasculitis for each 5-year period from 1988 to 2003. Using Poisson regression, the presentation rate ratio (PRR) of the total number of patients across the three time groups was 1.336 (99% CI 0.975-1.829) ( p ¼ 0.017). (Figure 1) , where a value of 1 indicates no change and a value of 1.5 indicates a 50% increase in the presentation rate.
PACNS only presented in the last 6 years of the study (1997) (1998) (1999) (2000) (2001) (2002) (2003) . Further analysis ( Figure 2 ) showed a PRR for PACNS of 5.605 (99% CI 0.958-32.79) (p ¼ 0.012), with a sex ratio of M:F 3:4.
In contrast, presentation frequency data for the other systemic vasculitides (not shown), revealed no significant change for WG ( For all the systemic vasculitides taken together, 23% of patients had neurological involvement in primary and secondary CNS, and peripheral nervous system disease at the time of diagnosis (Figure 3) . Patients with CSS, WG, MPA, PAN and SLE vasculitis, had varying frequencies of neurological disease, in addition to those with PACNS. These were peripheral, rather than central, nervous system involvement. Headaches were the commonest initial symptom before presentation of CNS disease (30%), accompanied by paraesthesia, with clinical evidence of hemiplegia, seizures, confusion, ataxia and signs of spasticity. Ten percent had peripheral neuropathy and 3% had mononeuritis multiplex.
The first case of diagnosed secondary peripheral nervous system involvement within the systemic vasculitides was in 1989. After 1994, there has been an increase in central nervous system involvement. From 1998, PACNS has been diagnosed in 12 patients, and the annual frequency ( Figure 4 ) has been consistent over the past 5 years.
Laboratory findings
See Table 3 . Weakly positive ANF (with negative dsDNA), c-ANCA, and p-ANCA autoantibodies were found in 14-29% of PACNS patients, but titres did not exceed 1:40 in any patient, and may have been a consequence of polyclonal activation associated with the acute phase response in patients. Acute-phase parameters at presentation showed two distinct patterns, according to whether the patient suffered PACNS of small-vessel type (5/6 raised), or middle vessel type (5/6 normal) ( 2 ¼ 5.33; p 5 0.02). These findings contrasted with acute-phase parameters during relapse (SVD cases only), when ESR and CRP remained normal in all instances.
Natural history of the PACNS forms
The time course of PACNS was analysed. Relapse was defined clinically as significant, sustained, new symptoms and signs during follow-up to 6 years from presentation. In all cases, evidence of further CNS infarcts was found on repeat imaging (Table 1) .
In the 12 patients with PACNS, there were a total of 16 relapses: 12 single relapses, and four recurrent relapses. All of these relapses occurred in the six patients who had characteristics of diffuse small-vessel cerebral vasculitis. Relapses occurred in half of the patients whilst they were receiving low-dose maintenance immunosuppressives (prednisolone 10 mg/day or less, with azathioprine 1.5 mg/kg/day) and in others, 3-36 months after discontinuing immunosuppressive treatment. When PACNS was sub-classified into small-and largevessel disease variants (SVD vs. MVD), the SVD variant was far more likely to relapse. No patient classified as MVD suffered a second active disease episode ( Figure 5 ).
PACNS radiographic characteristics
Radiological imaging was most useful in the diagnosis of PACNS, but in this study, direct angiography was helpful only in the MVD variant (Table 4) , and CT scan clearly inferior to MR in both variants. Radiology is a widely accepted method of diagnosis in PACNS. 1, [13] [14] [15] [16] [17] Detailed presentation of radiographic features in this series is intended as the subject of an additional, complementary, paper.
Referral source: primary and secondary care, all vasculitides
We analysed individual referral rates for each subgroup over each of the 5-year periods, using Poisson regression analysis, for the 97 patients whose referral patterns were documented. There was a significant increase in the rate of referrals from primary care (p ¼ 0.01), but the other sources showed no change ( Figure 6 ).
Discussion
Our results show increase in the overall frequency of presentation of all systemic vasculitides during the past 15 years. The PRR of 1.323 is consistent with studies by Watts, 15 where they estimated an incidence of 19.8 per million in 2000, compared with an earlier estimate of 10 per million in 1982 by Scott.
2 Such measurements do not necessarily correspond to an increase in incidence-there may have been heightened diagnostic awareness as ACR and CHCC criteria became established and broadly implemented. Likewise, our data, with potential variation in the population denominator as more centres became established regionally, do not prove incidences are rising. However the stability of presentation numbers for most of the vasculitides, contrasting with striking rises in PAN and PACNS, suggest that there may have been a true increase in incidence of both the latter diseases.
Our patients with multi-system vasculitis were younger than those in other studies, with a mean age of 46.2 years (median 46.5), contrasting with (e.g.) that found by Watts: 15 mean age with systemic vasculitis, 62.9 years, median 65 years, although their sample group did not include PACNS, HSP, secondary SLE, or cutaneous polyarteritis. Carruthers 16 suggested that older patients were less likely to be referred to tertiary care, but against this, clinical features seem similar in patients in tertiary care compared to those in secondary care. Previous studies have suggested that systemic vasculitis is more common in men, 15, 17, 18 but our data this did not confirm this, although there was a male bias for WG, CSS, MPA and PAN.
PACNS, both SVD and MVD, presented only in the 6 years since 1998, with a total of 12 patients, mean age 36 years. The PRR of 5.605 represents a highly significant increase. We interpret these findings as favouring a true increase in incidence for three reasons: the relative number of cases compared to the multi-system diseases; the consistency of interests, referral patterns, and imaging techniques of the physicians and radiologists in the neurosciences and systemic vasculitis fields, and the earlier documentation of multiple cases of secondary CNS vasculitis (Figure 4 ) from 1994 to 1998, in the absence of PACNS cases.
Delineation of the natural histories of relapses in PACNS of SVD and MVD types showed distinct clinical courses. SVD PACNS relapsed in 30% in the first 2 years, a figure remarkably similar 19 to that of its putative systemic vasculitis equivalent, MPA, using a widely-used treatment regimen for the latter, reinforcing the view that SVD PACNS represents a limited form of MPA. The continued relapses in SVD PACNS at a similar rate, to 6 years of follow-up is of concern, because of consequential irreversible CNS injury, occurring in half of such patients during the first 2 years during treatment, while they were receiving low-dose prednisolone and azathioprine. Relapses occurring 2 or more years after initial presentation occurred while patients were no longer receiving immunosuppressives. All relapses in SVD PACNS were successfully re-induced into clinical remission after further courses of initial induction therapy (prednisolone with oral cyclophosphamide, 1.5 mg/kg/day for 3 months), but all patients had suffered further neurological injury both clinically and radiologically, on MR scanning (Figure 8 ).
Diagnosis and management of SVD PACNS is more problematic than that of the MVD variant. Direct angiography of the cerebral circulation in SVD proved unhelpful in establishing a diagnosis, all angiograms showing no evidence of occlusions at the limits of resolution of the technique, although one patient showed some evidence of capillary pooling of contrast in the venous phase ( Figure 8 ).
This conclusion, together with our finding of the pulvinar sign (considered diagnostic of nvCJD, 20 with high specificity and sensitivity for this disease), in patient 5, where brain biopsy confirmed SVD PACNS (Figure 7 ), makes it essential to maintain a high index of suspicion for this form of PACNS, both in presentation and in relapse. Although brain biopsy, if found to be positive, is the standard for diagnosis of small-vessel cerebral vasculitis, its risks are significant, with mortality reported as 3.3%, comparable with risks of serious sideeffects from long-term immunosuppressive therapy.
Risks associated with the procedure may be reflected in the finding that up to 75% of reported cases are diagnosed without histopathology. 21 Our data also support the idea that brain biopsy should not be a sine qua non for PACNS, with a false negative rate of 30% reported in patients with an otherwise unequivocal diagnosis. 22 Advocates of early investigation by brain biopsy may not have wholly incorporated these issues in considerations for safest effective patient management. [23] [24] [25] Findings in our series of SVD PACNS, and knowledge of its natural history, also strongly support the case for alternative maintenance immunosuppressives, extending at least to 5 years after presentation: these might include more prolonged use of corticosteroids with cyclophosphamide at low dose, although the efficacy of this regimen in preventing relapses has been placed in doubt for systemic small vessel vasculitides, 19 or alternatively, with newer agents having both T-and B-cell effects, such as the mycophenolate derivatives.
In contrast, middle-size vessel PACNS showed angiographic abnormalities in all cases, with distinct, multiple-vessel territories a hallmark. MR scans did not necessarily reflect the extent of angiitis demonstrable on angiography (Figures 9  and 10 ). The use of MR scanning in conjunction with cerebral angiography in cases with a high index of clinical suspicion has become an essential in establishing the diagnosis. Imbesi 9 described a case where the MR scan was negative despite angiography showing evidence of foci of irregular narrowing within the cerebral vasculature. This inconsistency was thought to be due to timing, the MR scan not being positive during the process of ischaemic change. They concluded that this showed the necessity to perform angiography in all cases with high clinical suspicion. Our findings show that normal areas of the CNS on MR scan can coexist temporally with abnormalities on angiography in MVD PACNS, presumably because ischaemia has not yet become critical. This emphasizes the need for angiography in all cases where there is a high index of suspicion of middle-size vessel vasculitis. Demonstration of concurrent multiple-vessel territory disease is an uneqivocal diagnostic criterion, as is characteristic single vessel abnormality in patients who do not have evidence of atheromatous disease, both of higher diagnostic sensitivity than MR scan alone. Our findings suggest an optimal risk-benefit diagnostic algorithm for patients when SVD or MVD PACNS is suspected ( Figure 11 ).
All patients with MVD PACNS were relapsefree during 6 years follow-up, and all had discontinued low-dose prednisolone and azathioprine by 24 months from presentation. Its potential systemic equivalent PAN, both in our experience (data not shown), and that of others, 26 (both systemic and the cutaneous-limited variant), is an indolent, frequently relapsing vasculitis, with a propensity to cause progressive organ injuries over long periods: MVD PACNS is more benign after initial presentation than either PAN or PACNS SVD.
The natural histories of SVD and MVD PACNS are strikingly distinct, as are their clinical, serological acute-phase, and radiographic characteristics. Our findings suggest that PACNS is not a unifying diagnosis, and that these distinctions should be considered when planning treatment for the two variants of PACNS. Although acute-phase parameters are useful in designating inflammatory processes at presentation in SVD PACNS, they are unhelpful in defining relapses in this form of PACNS, the diagnosis of which rested in all cases on clinical acumen and MR scans. Delineation of the two forms of PACNS has important implications in optimizing risks and benefits of immunosuppressive regimens. In SVD PACNS, treatment should be at least as intensive, and potentially more prolonged than for the equivalent antineutrophil antibodypositive small-vessel systemic vasculitis, whereas in MVD PACNS, our data suggest that immunosuppressives can safely be discontinued after 2 years or less. SVD and MVD PACNS may be best considered separate, frequently encountered, entities in the context of secondary and tertiary referral practice in systemic vasculitis.
